Abstract-In most studies about molecular genetics, molecular diagnostics, DNA extraction is considered as the very first step that will give a significant effective. The material used for DNA extraction is vary from fresh blood to dried blood, tissue, oral mucosa and hair root…. The dried blood and hair root are the two materials that easy to collect and can store for long term, which leads to more advantages for many time extractions to have fresh DNA and enough amount DNA for further studies. This study introduces an efficient phenol method with 2 steps of lyses which allows high yield of DNA concentration from dried blood and hair root. Comparing to the commercial QIAamp® DNA Mini Kit which applied for dried blood sample, DNA concentration extracted from this method was higher, the quality of DNA was equal and the cost is lower. Comparing to salting out method, a cheap and safe method, which an applied for hair root, the two-step lysis phenolic method also give higher efficiency. This method could be the useful tool which may apply for further molecular analysis studies using long storing time materials like dried blood spots and hair root samples.
I. INTRODUCTION
The reliability and performance of the molecular diagnostic assays which are polymerase chain reaction (PCR), enzyme digestion and recombinant selection [1] are strongly influenced by the extraction of input material, in this case, the quantity and quality of nucleic acids from clinical samples. Although blood is highly recommended for DNA extraction, for the experiments in the extremely hard working environment, blood may be difficult to be stored in long term. Furthermore the ease of collecting, costs of transporting, costs of storing and pre-processing should be taken all into consideration how to get an optimal choice of samples. Then despite of blood is the most commonly used sample since it provides enough and high quality DNA, people look for other sources which are low cost, easy to collect and convenient to store.
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Nguyen Dieu Hoai Chan and Phan Tuan Phong are with Department of Biotechnology, School of Biotechnology, International University, VNU, HCMC, Vietnam (e-mail: ndhchan@hcmiu.edu.vn, squiral86@yahoo.com). [2] . A wide application from diagnostic screening [2] , drug monitoring [3] , and genetic analysis [4] , especially molecular epidemiologic studies in remote areas, where transport and storage conditions are not optimal, is proving the practicable and convenient property of this kind of material. Particularly for new born blood samples, which are needed for new born screening program of inherited diseases, a few drops from heel is absorbed into special filter paper [5] . However, a crucial problem of dried blood spot material is the limitation of the blood amount that could be incorporated into one extraction assay. Therefore, an efficient method for genomic DNA extraction which preserves the integrity, offers the purity, stability, and utilize all the limited amount of sample is highly required. There are several methods were recommend for DNA extraction from dried blood spots, e.g., Sumonta Chaisomchit et al. [6] introduced a method used buffered phenol as a solvent to separate DNA from protein and cell debris. Phenol extraction is a commonly used method for removing proteins from a DNA sample, e.g. to remove proteins from cell lysate during genomic DNA preparation [7] . During organic extraction, protein contaminants are denatured and partition either with the organic phase or at the interface between organic and aqueous phase, while nucleic acids remain in the aqueous phase. Proteinase K is commonly used in molecular biology to digest protein and remove contamination from preparations of nucleic acid. It also could be applied widely in most cases of DNA extraction such as genomic DNA isolation from tissue [8] , DNA extraction from blood, or DNA isolation of bone. However, a large amount of Proteinase K must be used and the success belongs to the commercial Buffered Phenol (USB Corporation, OH, USA) [6] that results high cost whereas the DNA amount is not constantly high. Another method was commercialized to QIAamp® DNA Mini Kit which yields 1000ng of DNA per assay. However, high cost due to large amount using of Proteinase K and Phenol, spin column is always the trouble for research. Moreover, the spin column kits always result in increased plastic waste. Then this study was performed to come up with an optimal method for convenient use with lower cost and higher DNA concentration as well as higher purity of DNA compared to QIAamp® DNA Mini Kit.
For the later part of this study, another material source, hair roots, was applied to try to widen the working region of this method. Hair root is the preferred sample for genetic testing because it the most easy sample-kind to collect. However, since hair roots contain extremely small amount of DNA [9, 10] , it is quire hard to yield enough amount of DNA with high quality which is important for conducting PCR and sequencing reactions [11] . Fortunately, phenol and Extraction of Human Genomic DNA from Dried Blood Spots and Hair Roots salting-out method was proved the suitable treatment for DNA from hair roots [12] . Salting out is a method of separating proteins based on the principle that proteins are less soluble at high salt concentrations [12] . Furthermore, the phenol method and salting-out method take low cost than others, therefore they can be applied in various laboratories [12] . Then we applied this study's method on hair roots with different groups with different storing time, compared to salting-out method, to identify the most suitable storage time of hair roots sample and evaluate how our method give high quality and quantity of DNA.
II. MATERIALS AND METHODS

A. Subjects
194 dried blood spots samples were collected from Tu Du Hospital (Ho Chi Minh City -Vietnam) in the new born screening program. Blood from baby heels is absorbed into 903-SandS filter paper card with at least one spot with diameter of 1cm.
Hair roots were collected from 20 volunteers, who had not treated their hair with any chemicals for hairdressing, straightening, and dyeing [13] . The total amount of samples was 200 hair roots (i.e., 10roots/person) and divided into two groups equally. Group 1 was represented for fresh hair roots and the other was for samples stored in one week.
B. Optimization of One Step and Two-Steps Lysis Phenolic Method in Dried Blood Spots
Forty four dried blood spots samples were used. 3 circles of 3 mm diameter of blood spots were used for each assay, after that they were treated with lysis buffer, Proteinase K, fresh buffered-Phenol: Chloroform: Isoamylalcohol (25: 24:1). Phenol solution was prepared from crystal Phenol and must be saturated for 1 week before use.
The One-step Lysis method was set up for six assays that varied the amount of Lysis Buffer I and Proteinase K, each assay was performed in triplicate.This method was developed based on the Sumota Chaisomchit method [6] . Lysis buffer I included Tris HCl 10mM, MgCl 2 5mM, Triton X100(1%v/v), SDS 1%w/v, EDTA 10mM, and was adjusted with pH 8.0, was used for assay in two group of volume 200µl and 300µl. The Proteinase K was used for assays in varied amount from 0.01, 0.02, to 0.03 mg (Table I) .
Three circles of dried blood spot were vortex with Lysis buffer I for 30s, incubated at 85 0 C for 20 min. The lysates were cooled down at room temperature for 10min, added Proteinase K, vortex for 30s, and incubated at 65 0 C in 1hr. Add the same amount of buffer phenol: chloroform: izoamylalcohol (25:24:1) into those samples, then mixed well. For 30s, After centrifugation at 10,000 rpm for 4min at room temperature, the upper phase were taken out and treated with Sodium Acetate (3M, pH 5.2), and Iso-Propanol. Then the samples were washed by Ethanol 70% and DNA was collected by elution with 50µl dH 2 O.
The two-steps lysis method is differed from the one-step method by adding one more step of cell lysis. The lysis buffer II was used for the second step lysis in combination with first lysis with lysis buffer I. Lysis Buffer II included TrisHCl 30mM, EDTA 20mM, SDS 3%, and was adjusted with pH 8.0. The second step of lysis was applied after degrading proteins by proteinase K. This experiment was examined 3 assays with varied Lysis Buffer I and proteinase K. Each assay was performed in triplicates (Table II) .
C. Appling Phenolic Method for Dried Blood Spots in Comparison with Commercial Kit.
150 dried blood spots samples were extracted by the optimal protocol, and 17 samples were extracted by QIAamp® DNA Mini Kit. The average DNA concentration and purity was compared. A PCR assay was performed to evaluate the quality of
D. Appling the Phenolic Two-Step Lyses Method for Hair Roots in Comparison with Salting-Out Method
The Phenolic Two-step lyses method was the optimal one from the previous experiment. The extraction protocols of these two method, phenol and salting-out based, were almost identical except for in salting-out method, phenol: chloroform: isoamylalcohol (25:24:1) step was not applied. Each assay was contained 5 hair roots, and treated with Phenolic Two-step lyses method or Salting-out method.
E. Evaluation Method for DNA Solution
The NanoDrop Spectrophotometer ND-1000 was used to measure the concentration and purity of the DNA solution. DNA absorbs UV light in a specific pattern. In a spectrophotometer, a sample is exposed to UV light at 260 nm, and a photo-detector measures the light that passes through the sample. The more light absorbed by the sample, the higher the nucleic acid concentration in the sample [14] . The good DNA concentration is expected higher than 50ng/ul, and the good purity is expected in the the range 1.7 -1.9 (A260nm/A280nm) 10 µl of extracted DNA solution is checked by electrophoresis with 0.7% agarose gel to estimate the purity and may concentration of DNA.
Furthermore a PCR assay was performed using the extracted DNA to evaluate the quality of DNA solution based on the ability to be amplified presented by the PCR product or the band on agarose gel. The set of two primers G6PD-E2-F 5'-CTCAAGAAAGGGGCTAACTTCTCAA-3' and G6PD-E2-R 5'-GCACTTCCTGGCTTTTAAGATTGGG-3' was used to qualify the DNA from dried blood spots. The set of two primers HGH1 5'-GCCTTCCCAACCATTCCCTTA-3' and HGH2 5'-CAAGGATTTCTGTTGTGTTTC-3' was used to quality DNA extracted from hair roots. The G6PD primer set will give PCR product at 241bp and the HGH primer set will give the PCR product at 496bp on agarose gel.
The PCR assays were carried out by using QIAGEN TopTaq Master Mix Kit with 0.5µM of each primer and 40ng of DNA in the total volume of 25µl. The results were analysed by gel electrophoresis with 1.5% agarose gel.
III. RESULTS
A. Evaluation of the Phenolic Two-Step Lyses Method with One-Step Lyses Method, and Commercial Kit
Comparing the concentration and purity of DNA solution which extracted by one-step, two-step lysis method and Qiagen Kit, the result show that there was no sample giving the DNA concentration more than 50ng/µl in one-step method. Assay 2 achieved the best result when it came up with 100% samples had DNA concentration in the range from 20 -50ng/µl, and the purity is 1.7, which were in the range of highly pure DNA (1.7 to 1.9). The two others assays 1 and 4 were not quite good when they just had 33.33% samples yielded more than 20ng/µl, and their purity were less than 1.7, that were 1.61 and 1.56. The others assays were gave the DNA concentration too low <20ng/µl, and their purity value showed lower the range (see Table III ).
The data of DNA extracted from the Two-step lysis method is showed in the Table IV. 100% samples of assay 9 yielded the concentration of DNA were more than 50ng/µl. That is a very good result even the purity of DNA in this assay is 1.65 out the range of good purity but not much. Assay 7 and 8 were not much worse than assay 9 since all samples gave the high yield, from 20ng/µl to 50ng/µl. However, the DNA purity is drop down to 1.55 (see Table  IV ).
In overall the two-step lysis seems better than one-step lysis method. When comparing the average DNA concentration and purity of all samples which extracted by two methods, the result showed that the better one is the two-step lysis method when they gave the higher DNA concentration 51.9ng/ul compare to 17.6 ng/ul in one-step method, although the purity is a bit lower (Table V) . The assay 9 is the best one within assays in the two-step lysis method. Assay 9 was used to compare with QIAamp® DNA Mini Kit. 150 samples were examined using assay 9 and 17 samples were examined using commercial kit. Assay 9 was seen better than QIAamp® DNA Mini Kit with 10.7% of samples gave DNA concentration higer than 50ng/µl, and 29.3% of samples gave concentration in the range 20ng/µl to 50ng/µl whereas 100% of samples of QIAamp® DNA Mini Kit gave low yield DNA (<20ng/µl). Comparing the average DNA concentration of all samples, the assay 9 showed much better result compare to QIAamp® DNA Mini Kit. 25.68ng/µl is the average DNA concentration of samples extracted by assay 9 while 7.7ng/µl is that by QIAamp® DNA Mini Kit (Table VI) . However, the commercial kit gave higher purity value (1.8) which was quite low (1.5) in assay 9.
In order to evaluate the DNA solution which will be used for further molecular analysis studies, the successful in PCR assay is one of criteria. Approximate 40ng of DNA was used for a PCR assay. PCR assays were performed for some randomly selected DNA extracted samples. The result showed that with the same amount of DNA, all samples yielded from two-step lysis method gave PCR products as well as the one from DNA extracted by QIAamp® DNA Mini Kit. The DNA extracted by one-step lysis method gave no PCR product. It could be with low concentration the volume of DNA extracted applied for the PCR need to be bigger which leads to high concentration of contaminants compared to others samples with higher DNA concentration. Thus contaminants affect the PCR results (Fig. 1) .
The extracted DNA from two-step lysis method and commercial Kit were stored in two months in the same condition, at 4 0 C and applied in PCR assay. The good PCR results were seen all samples from both methods (Fig.2) . This indicated that the two-step lysis method, particularly the assay 9 can achieve with the high quality and quantity of DNA in comparing with QIAamp® DNA Mini Kit. DNA samples extracted by assay 9.
B. Applying Two-Step Lysis Method in Hair Roots in Comparison with Salting-Out Method
The salting out method can be applied for extraction of DNA from several materials with low cost and safer as phenol is not required. With the hair root, one of materials which easy to collect but may yield little DNA, the optimal two-step lysis method and the salting out method were applied to evaluate the suitable method which can applied for hair root material.
With fresh hair root material, the phenolic method achieved with higher DNA concentration and higher purity compare to salting out method. Average DNA concentration achieved in phenolic method is 87ng/µl and purity is 1.7 while those are 42ng/µl and 1 respectively, in salting out method (Table VII) . The same result was seen in the one-week stored hair root samples with 17ng/ul compared to 8ng/ul in concentration and 1.7 compare to 1 in purity value (table VII) . When comparing the DNA extracted from fresh hair root and 1 week-stored hair root, the result from fresh hair root samples is better than stored hair roots samples with the higher DNA concentration 87ng/ul in fresh hair roots compared to 17ng/ul in stored hair roots in phenolic method (table VII). The result is the same in salting out method with 42ng/ul and 8ng/ul respectively (Table VII) . The good DNA solution was seen in phenolic method and better than in fresh hair roots with 60% of fresh hair root samples gave DNA concentration> 50ng/ul while the stored hair roots gave lower range concentration and no sample gave concentration higher than 50ng/ul. However, the purity is good (1.7) is both sample sets (table VIII). In salting out method 30% fresh hair roots gave good DNA solution with concentration >50ng/ul while that is 0% in 1 week stored hair roots group. Most of stored hair root samples (80%) gave very low concentration (table VIII) .
For double checking, gel electrophoresis was applied for DNA solution which is extracted from two method and two stored time hair roots groups. With the fresh hair roots the DNA extracted by two methods showed the clear band of genomic DNA (Fig. 3-upper) while with the stored hair roots the phenolic method gave better result with all samples showed bands of genomic DNA while in salting out method some of sample gave no band (Fig. 3-lower) . The quality of DNA solution was also checked by ability to be amplified through the PCR assay. All samples of fresh hair material gave good PCR products in either phenolic or salting out method whereas samples from the stored hair roots gave some failed PCR in even phenolic and salting out method. This could be due to the contaminant may too much in the PCR assay due to the large volume of DNA sample is required to get an adequate DNA amount for a PCR assay.
IV. DISCUSSION
This study provides a simple, efficient method for extracting and purifying genomic DNA from dried blood and hair roots sample. We observed a high amount of genomic DNA when extracting by two-step lysis method. Since assay 9 gave best result which was purity and highest concentration of extracted DNA, it was selected to be final protocol for extraction of genomic DNA from dried blood spot on filter paper.
In comparison with Phenol One-step Lyses method and Salting-out method, the Two-step one is much dominant about both DNA concentration and DNA purity, which significantly affect the further PCR assays. In the extracting process, a number of chemicals such as phenol, salts, polyamines, polysaccharides are used that may still be contaminated with the DNA solution. These contaminants are considered as inhibitors for PCR assays [15, 16] . Then with low DNA concentration extracted by One-step Lyses and Salting-out methods, the PCR assay may be on risk since a large volume of DNA solution would be used, that is, a large amount of contaminants or PCR inhibitors would be included. Thus the PCR assays are failed in producing PCR product as cannot see the bright bands on agarose gel.
One more lysis step is added into the extracting protocol aims to utilize all the cells inside filter paper. The impressive result of Two-step Lyses method indicates that the first lyses step may just release the cells away from paper and have not enough chemical or time to lyses the cells completely. That could be understand the second lyses step will finish the cell breaking and help to achieve more DNA.
When apply the two-step lysis phenolic method for hair root samples the result is very good as the chemical can affect directly to cells in the root of hair and breaking the cells to give out the DNA. It explains why the purity of DNA extracted from hair root is high why DNA extracted from dried blood spot on filter paper is lower. In the comparison between Phenolic method and Salting-out method which apply in hair roots, the DNA yield of Phenolic method was significantly higher. The difference between 2 method is only applying Phenol: Chloroform: Isoamylalcohol (25:24:1) step in phenolic and not not apply this step in salting out method. It is clearly that the phenol step help to remove more unwanted proteins and precipitate DNA from the cell lysate. The phenol solution could be considered as the key factor of DNA extraction. In these experiments, a mixture of chloroform and phenol is often employed to maximize the yield of isolated DNA. The purity and pH of phenol solutions used in biochemical work is very important. The phenol solution needs to be stored in good conditions to avoid the oxidation of phenol.
When the result was observed by gel electrophoresis, there some of extracted DNA was smeared. This indicated that the extracted DNA was broken down during the extraction process. In phenol method, oxidized phenol can result in DNA damages and cannot be used. Ethanol precipitation of the DNA and subsequent ethanol washes eliminate such a contaminant; the chloroform reduces the amount of the DNA-containing aqueous layer at the phenol inter-phase. Similar to phenol, residual chloroform can be problematic, and should be removed by thorough drying. Drying is also employed to remove residual ethanol. Over dried DNA can be difficult to dissolve, so drying should be stopped shortly after the liquid can no longer be observed. Moreover, large DNA molecules can be easily sheared during extraction. Avoid vortexing, repeated pipetting (especially through low-volume pipette tips), and any other form of mechanical stress when the isolate is destined for applications that require high molecular weight DNA. Gentle manipulations may not always be possible during the isolation process. This usually does not cause damage to the secondary structure of the DNA, but it does reduce the length of the molecules.
Our method still dominates the competition with QIAamp® DNA Mini Kit that is two times higher in DNA concentration. Still, contamination cannot be avoided completely in phenolic method. However, the number 1.5 of purity can be an acceptable value when a small volume of DNA solution with high concentration for each PCR reaction is used that may overcome this obstacle.
In economic feature, the price to extracted DNA of one sample by our protocol is two times cheaper than using QIAamp® DNA Mini Kit (2.74$ USD). Chaisomchit and colleagues (2003) have also presented a method for extracting DNA from dried blood. However, their method uses an amount of proteinase K eight times higher than our method, this leads to an increasing in the cost of their method. Besides, our home-made buffered phenol is an advance that helps much in cost reducing. For almost laboratories, this is the useful method to yield high concentration of DNA with acceptable purity and low cost. This optimal method can be applied for extraction of DNA from the difficult material such as hair roots and dried blood spots samples without difficulty. ACKNOWLEDGMENT Thanks to volunteers from Tu Du hospital -HCMCVietnam who provided dried blood spots samples and volunteers from International University -VNU and Quang Nam Province hospital -Vietnam who provided hair roots samples for this study. Thanks to IU lab and OUCRU where instruments were used for this study.
